Abstract

21
Transcription initiation is a critical step in bacterial gene regulation and is often controlled by Staphylococcus aureus and Staphylococcus epidermidis (2, 23, 29, 32, 36, 47, 48, 54 
Materials and Method
94
Bacterial strains and growth conditions:
95
The bacterial strains and plasmids used in this study are listed in Tables 1 and 2 and blue colonies were selected on LB agar containing chloramphenicol and X-Gal at room 132 temperature. Clones were screened for the appropriate insert using the primers OriF and SeqR.
133
A positive plasmid designated pVI12 was confirmed by restriction digest and electroporated into 134 E. faecalis VI01 cells (12) and VI40 (markerless complement) was generated following the 135 protocol previously described (56) and confirmed by PCR using primers RpoNUp and
136
RpoNDown. (5). In E. faecalis, the mannose PTS expression is controlled by σ 54 .
141
Strains resistant to 2DG do not express a functional mannose PTS permease (24). Hence growth 142 on media containing 2DG was used as a marker to confirm deletion of rpoN.
143
Detection and precipitation of extracellular DNA
144
Overnight cultures were centrifuged for 10 minutes at 13,000 rpm and the resulting supernatant 145 filtered (0.2 µm pore size; Nalgene) to obtain cell free supernatants. The supernatants were 146 tested for the presence of e-DNA using 1μM SYTOX ® Green (Invitrogen, Molecular Probes).
147
The eDNA was also precipitated from the culture filtrate using an equal volume of isopropanol.
148
The precipitated eDNA was washed in 75% ethanol, air-dried and dissolved in TE buffer (10mM
149
Tris-Cl, 1mM EDTA, pH 8.0) and visualized on 1% agarose gels after staining with ethidium 150 bromide.
151
Autolysis assay
152
Autolysis assay was performed as previously described (15).
153
Quantitative detection of eDNA in biofilm 154 eDNA in biofilm was quantified using a previously described protocol (36). Briefly, biofilms
155
were grown in 96-well polystyrene plate in TSB for 24 hrs at 37°C. After 24 hrs the supernatant 156 was discarded and the biofilm was suspended in resuspension buffer (50mM Tris-Cl pH 8, 10mM EDTA, 500mM NaCl). The resuspended biofilm was centrifuged and eDNA was 158 quantified in the supernatant using 1μM SYTOX ® Green (Invitrogen, Molecular Probes).
159
Confocal Laser Scanning Microscopy (CLSM)
160
CLSM was performed on one-day old biofilms as described previously (54 Plastic Products ,Switzerland) as previously described (22). At 6-,12-, and 24-hr time points, the 188 biofilm were treated with 1µg/ml proteinase K (Amresco) and this treatment remained for the 189 remainder of the experiment. The 24 hour treatment was allowed to stand for 1 hour prior to 190 processing the biofilm. An untreated control was included to determine the effect of treatment.
191
After 24 hrs of growth, the biofilm was quantified with the crystal violet staining method (22).
192
Each assay was performed in triplicate and repeated four times.
193
Statistical Analysis
194
Statistical analysis of quantitative detection of eDNA, adherence assay and comstat analysis of 
206
Complementation confirmed that there were no polar effects of the gene deletion and attributed
207
the 2DG resistant phenotype to the targeted deletion of rpoN (Fig 1) .
208
Sigma 54 alters eDNA in the supernatant of planktonic and biofilm cultures.
209
On the basis of phenotype characterization of a preliminary transposon mutagenesis screen, we 210 tested for eDNA in the supernatants of planktonic cultures using SYTOX green. A lower amount 211 of eDNA was detected in VI01 culture supernatant in comparison to the wild type V583 strain 212 whereas the markerless complementation of rpoN mutant restored the phenotype to wild type 213 levels ( Fig 2a ) . eDNA in the supernatants of the various strains was also confirmed by 214 visualization on an EtBr-stained 1% agarose gel after precipitation of eDNA with isopropanol 215 (Fig 2b) .
216
Given the fact that planktonic growth and biofilm are two different lifestyles of the bacteria, we 217 tested to see the effect of rpoN deletion on eDNA during biofilm development. As observed in 218 planktonic cultures, a lesser amount of eDNA was detected in VI01 biofilm than the wild type 219 which was attributed to the deletion of rpoN as the complementation restored the eDNA detected 220 in the biofilm to wild type levels (Fig 2c) .
221
Sigma 54 alters the rate of autolysis in E. faecalis V583.
222
Because eDNA release in E. faecalis is dependant upon cell death by autolysis (54) by the Z stack thickness using LSM image examiner) than those formed by the wild type strain 233 VT09 or the complement strain VI41 (Fig. 4) . The appearance of the VI29 biofilm suggested 234 early initiation of microcolony development, which was confirmed by macroscopic examination 235 of the biofilms after 2 days growth on coverslips (Fig. 4) [VI40] reduced the adherence potential to wild type levels (Fig 5) .
250
Sigma 54 modulates the composition of E. faecalis V583 biofilm.
251
On the basis of the macroscopic observation and CLSM of the VI29 biofilm and the relative lack hr of biofilm growth (Fig 6) . phages associated with E. faecalis V583 with one of them being a part of the core genome (37).
286
It will be interesting to test the role of σ 54 dependent transcription of phage particle proteins and 287 host lysis and its contribution to biofilm development.
288
Enhancement of biofilm formation in the absence of a well characterized matrix component in and 10 -5 ) relative to the rpoN mutant parallels a recent report by Flanagan et al. (18) in which 300 resistance to the E. faecalis plasmid encoded bacteriocin MC4-1 (a class IIa bacteriocin) was 301 dependent on point mutations within the rpoN gene that occurred at high frequency (10 -3 to 10 -4 ).
302
This resistance was shown to be reversible to a susceptible phenotype by point mutations that 303 also occurred within rpoN as second-site suppressors. These combined observations suggest that 304 there are hot spots for mutation within rpoN, and could be a mechanism for phase variation 305 within the E. faecalis population.
306
In Vibrio vulnificus, σ 54 positively regulates the gene encoding an ADP-glycero-manno-heptose- 
315
Biofilm formation is a multistep process that begins with the attachment of bacteria to the 316 substrate followed by colonization via further recruitment of more bacteria or by cell division. 
